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i~:.RogucT-iou 

h'jx  explosion  occurred  at  Sycamore  Test  Stand-  S-2-on  18  June  1553 < 
during  static  firing  test  S2-212-34-01  (Run  212)  on  Missile  IB. 

So  personnel  vere  injured.  Extensive  hardware  damage  sustained 
by  the  "fallowing  TiK.jor  components  necessitated  their  removal  and 
replacement :  Booster  .Engine,.  Sustainer  Engine,  that  portion  of 
the  Vernier  engine  contained  within  the  thrust  section.  The 
jettiscnable  thrust  section  required  repair.  A  preliminary  investi¬ 
gation  report  was  issued  20  June  1953 i 

In  compliance  with  Convair  DSP  1-29  an  investigation  was  conducted  to 
determine ; 

1)  The  cause  of  the  explosion  , 

2)  A  means  to  prevent  recurrence 

3)  Extent  of  damage 

b)  A  course  of  action  which  would  provide  the  least  interruption  to 
the  "3"  series  test  program. 

•The  cause  of  the  explosion  has  been ^determined.  To  prevent  recurrence, 
recommendations  have  be  -a  proposed  and -corrective  action  has  been  taken. 
The  missile  was  removed  from  the  stand  and  transported  to  San  Diego 
Plant  Number  1  on  27  June .  Repairs  and  replacements  vere  effected  by 
Sycamore  engineers  and  technicians  under  the  provisions  of  Convair 
Cost  Proposal  753»6l,  "Restoration  of  missile  IB  and  related  TGSE 
at  Sycamore  Stand  S-2  to  Test  Configuration,"  dated  5  July  1953* 

The  missile  was  repaired  and  returned  to  Sycamore  on  9  July. 

The  proceeding  page  presents  the  membership  of  the  Steering 
Committee,  the  Investigation  Board  and  the  Sub-Committees  responsible 
for  the  compilation  and  documentation  of  this  report. 
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2.0  TEST  CONDITIONS 

2.1  Bun  S2-212-B4-01  (Run  212)  was  the  fourth  attempt  to  accomplish  the 
fourth  scheduled  test  on  Missile  IB.  The  three  previous  attempts 
were  prematurely  terminated  as  follows: 

2.1.1  Run  S2-209-B4-01  (Run  209)  was  terminated,  after  1.18  seconds,  hy  the 
Sustainer  overspeed  control  circuit. 

2.1.2  Run  S2-210-I&-01  (Run  210)  was  terminated,  after  3*^  seconds,  hy  a 
manual  cutoff  when  missile  LOg  tank  pressure  fell  below  Redline  limits 
due  to  failure  of  a  solenoid  operated  check  valve  in  the  Airborne  He 
bottle  charge  line. 

2.1.3  Run  S2-211-B4-01  (Run  211)  was  terminated,  after  1.1  seconds,  by  the 
Sustainer  overspeed  control  circuit. 

2.2  Runs  S2-2Q3-A2-01  and  S2-205-A2-01  in  the  first'  block  of  the  IB  test 
series  were  also  prematurely  terminated  by  the  Sustainer  overspeed 
control  circuit.  Since  recorded  engine  parameters  reflected  no  indi- 
ation  of  turbine  overspeed  in  any  of  the  four  instances  of  overspeed 
cutoff,  it  was  resolved  that  these  cutoffs  were  due  to  overspeed  trip 
malfunction..  In  order  to  prevent  a  recurrence  in  Run  212,  the 
overspeed  control  circuit  was  disconnected  at  the  engine  relay  box. 
Turbine  speed  was  monitored  on  a  Brown  recorder  and  the  Sustainer  LOg 
Reference  Regulator  setting  was  reduced  to  785  PSIG  from  810  PSIG 

in  order  to  decrease  the  rate  of  thrust  build-up  in  the  event  it 
became  necessary  to  execute  a  manual  cutoff. 

2.3  Run  212  scheduled  engine  durations  were  Booster  100  seconds,  Sustainer 
19^  seconds  and  Vernier  220.5-  seconds. 

2.4  The  primary  objectives  of  Run  212  were: 

(l)  Analyze  the  performance  of  the  MA-1  Propulsion  System  during  a 
long  duration  three  stage  engine  firing  with  programmed  gimbaling 
in  each  stage,  (2)  Analyze  the  operation  of  the  Airborne 
Pneumatic  system,  (3)  Develop  Series  "B"  tanking  and  starting 
techniques  and,  (4)  Develop  procedures  for  systems  checkouts  and 
"B"  series  static  firing  in  support  of  operations  at  AFMEC.  For' 
detailed  description  of  test  objectives  see  General  Captive  Test 
Plan  No.  ZB-7-036,  Revision  B. 

2.5  Booster  and  Sustainer  staging  were  to  have  been  initiated  by  the  Flight 
Programmer.  Missile  hydraulic  requirements  were  to  have  been  supplied 
by  the  Airborne  System.  Missile  pneumatics  were  to  have  been  supplied 
by  the  Airborne  system  with  continuous  replenishment  from  the  facility 
helium  system.  However,  switchover  to  Airborne  engine  control  pneu¬ 
matics  did  not  occur  due  to  premature  cutoff.  Missile  electrical 
requirements  were  to  have  been  supplied  by  the  Airborne  battery  and 
inverter,  however,  they  were  supplied  from  the  ground  system  because 
Airborne  battery  voltage  was  too  high. 
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2.6  Run  212  was  performed  in  accordance  with.  "Run  4  countdown  17  June  1958 •" 
This  countdown  deviated  from  the  countdown  signed  off  by  the  design 
groups  on  3  June  1958  as  follcvs: 

2.6.1  The  fuel  tanking  level  of  10,761  gallons  was  changed  to  10,766  gallons 
in  order  to  comply  with  report  AA-E-130,  Propellant  loading  for  the 
XSM-65-B3  Missile. 

2.6.2  Due  to  failure  of  the  PU  manometers  LOo  was  dumped  to  missile  station 
519 ,  according  to  Vibrotron  readings ,  Instead  of  to  a  computor  comparator 
null  error  indication. 

2.6.3  Because  the  allowable  temperature  at  the  L0o  breakaway  valve  (P1021T)  •. 
was  exceeded  during  Runs  209  and  210,  the  60  second  time  count  was 
eliminated.  All  the  items  in  the  60  second  count  were  re-seqiienced  to 
move  the  LO2  dump  to  within  30  seconds  of  major  command  ,fVernier  Squibs 
Fire"  (Time  Zero).  Commands  were  called  out  by  the  Test  Conductor  and 
a  15  second  time  count  was  called  out  between  commands  "Depress  Start 
Switch"  and  "Vernier  Squibs  Fire." 

2.6.4  Run  4  countdown  dated  17  June  1958  is  included  in  this  report  as 
Appendix  A,  The  only  deviation  from  this  countdown  during  Run  212  was 
that  missile  power  was  supplied  from  external  because  the  Internal 
missile  DC  power  system  malfunctioned. 
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TEST.  PREPARATIONS 


X-l  Cay  Preparations 


X-l  day  preparations  "began  at  2400  17  June-  and  were  completed  at 
approximately  14C0  18  June.  Fuel  remained  on  "board  the  missile 
from  the  previous  day’s  run  attempt  and  the-.missile  was  in  a  state 
of  readiness  which  considerably  reduced  the  preparations  required. 

0020  -  'Hie  fuel  tank  was  topped,  off  to  station  953  as  indicated 
"by  the  sight  gage.  The  flow  total  registered  80  gallons 
of  fuel  tanked. 

1200  -  Booster  and  Sustainer  engines  were  Trichlor  flushed  and  the 
Boosters  were  filled  with  lithium  chloride; 


1300-1400  -  Igniters  installed. 


Precount  Operations 


1408  -  Precount  operations  started. 

1451  -  An  official  hold  was  called.  Inspection  of  the  thrust  section 
revealed  grease  around  B2  thrust  chamber  gimbal  mount.  The 
area  was  cleaned  &  operations  resumed.  Total  hold  time  was 
14  minutes. 

1510-1525  -  Precourit  operations  were  delayed  to  complete  the  install¬ 
ation  of  the  flexible  firewall. 

1530  -  Transfer  of  LNg  to  the  missile  shrouds  started. 

1556  -  All  shrouds  were  filled  and  the  LNg  flow  control  valves  had 
cycled.  c 

1556  -  precount  operations  were  completed,  predicted  duration  for 

this  section  was  60  minutes;  actual  elapsed  time  was  108  minutes, 

Countdown  Operations 


1600  -  Countdown  operations  began  and  the  area  was  placed  in  Condition 

Red. 

1601  -  Booster  and  Sustainer  hydraulic  systems  set  up  started.  The 

Sustainer  missile  return  pressure  was  reported  to  be  7  psig. 

A  hold  was  called  at  1602  to  send  a  mechanic  to  the  area  to 
check  the  return  gage  on  the  Sustainer  hydraulic  cart.  It  in¬ 
dicated  6-8  psig.  By  use  of  the  hand  pump  in  the  cart,  the 
pressure  was  increased  to  33  psig.  It  then  dropped  slightly, 
stabilizing  at  about  28  psig.  Countdown  operations  resumed 
at  I60O  after  a  total  hold  of  7  minutes. 
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1608 

l6C9 

1609 

1616 


Mss lie  Lottie  pressurization  commenced.  Instrumentation 
reported  a  "bottle  pressure  of  3000  psig  at  l6ll. 

Missile  pressurization  Sequence  2  was  initiated. 

LOg  tank  and  facility  chilldown  commenced. 

Pumps  LA  &  LB  were  started.  LOg  tanking  was  switched  to  a 
separate  communications  channel  and  LOg  vas  tanked  according  to 
the  support  requirements  of  missile  3B. 


1$33  -  Missile  pressurization  Sequence  3  was  initiated. 

1637  -  Missile  power  vas  switched  to  internal.  Upon  switching  DC, 

missile  Ac  voltage  and  frequency  increased  rapidly  out  of  limits 
and  the  DC  internal  voltage  was  reported  to  "be  approximately 
34  volts .  It  was  decided  to  continue  the  run  on  external  power. 
Post  run  investigation  of  records  revealed  that  the  missile 
"battery  had  not  "been  pre-loaded  "by  the  factory. 

1637  -  At  approximately  X-57  seconds,  LOg  was  dumped  for  27  seconds  to 

missile  stateion  519* 

1638  -  Booster  and  Sustainer  ignition  was  initiated.  Immediately 

after  ignition,  cutoff  occurred  and  fire  was  reported  in  the 
thrust  section.  All  firex  systems  were  turned  on  and  the  fire 
quickly  extinguished.  Booster  Ground  Bus  Power  and  Booster  Engine 
Control  pressure  was  lost.  All  power  to  the  missile  was  secured. 

1642  -  COg  system  secured. 

1642'-  LOg  detanking  commenced. 

1655  -  Fire  was  reported  again  in  the  thrust  section.  The  COg  system 
was  turned  on  and  the  fire  was  quickly  extinguished. 

1657  -  The  COg  system  was  again  secured. 

1713  -  LO,-,  detanking  was  completed  and  the  firex  system  was  secured. 

1715  -  An  attempt  was  made  to  detank  fuel  but  the  tank  observers  reported 
heavy  leakage  from  the  thrust  section  and  it  was  decided  to  leave 
the  fuel  in  the  missile  until  an  investigation  could  be  made. 

Upon  reporting  to  the  area,  the  Stand  Engineer  reported  heavy 
thrust  section  damage  and  fuel  leaking  downstream  of  the  Sustainer 
pre-valve.  After  further  investigation  of  damage  to  the  missile, 
the  Sustainer  pre-valve  was  kept  closed  by  removing  the  opening 
control  pressure  line,  and  the  fuel  was  detanked. 
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17^5  -  All  systems  were  secured.  Predicted  durations  of  this  section 
was  80  minutes;  actual  elapsed  time  was  105  minutes. 


3.4  Safety  Precautions 

Safety  Engineer  Report  —  Sycamore  Test  Site 

3-4.1  The  X-l  day  and  precount  preparations  were  accomplished  with  proper 
safety  precautions.  Supervision  in  all  sections  carried  out  their 
shceduled  work  assignments  with  proper  safety  equipment.  Coordin¬ 
ation  between  Stand  area  and  Blockhouse  key  personnel  was  satisfactory 
in  all  phases  of  countdown. 

3.4.2  During  the  attempted  firing  all  personnel  assigned  to  specified 
tasks  were  at  their  stations  and  in  direct  contact  with  the  Test 
Conductor's  area.  They  carried  cut  these  tasks  in  an  orderly  and 
well  coordinated  manner. 

3.4.3  Immediately  after  the  aceidr.et  exceptional  team  effort  was  shown  by 
all  personnel.  I  believe  it  was  this  team  coordinated  effort  that 
held  the  damage  to  this  limited  extent. 


S/. 


R.  H.  Moore 
Safety  Engineer 
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4.0  SUMMARY  OF  TEST  OBSERVATIONS 

4.1  The  following  is  a  summary  of  visual  observations  made,  before, 
during  and  after  the  explosion  "based  on  written  testimony  of 
Blockhouse  and  Tank  Observers.  Where  these  observations  were 
not  substantiated  by  test  data  a  qualifying  comment  is  added. 

4.1.1  V2  Ignition  appeared  normal.  VI  ignition  appeared  fuel  rich  and 
rough.  However,  test  data  does  not  substantiate  a  rough  fuel 
rich  VI  ignition. 

4.1.2  Booster  and  Sustainer  ignition  appeared  short.  A  puff  of  smoke 
was  immediately  noticed  to  come  from  the  Sustainer  engine  and  fire 
broke  out,  concentrated  primarily  in.  the  region  of  the  Sustainer 
and  B1  exhausts.  A  spreading  fire  was  seen  near  the  VI  flame 
deflector  which  became  entrained  in  the  flames  bellowing  up  from 
the  lower  thrust  section. 

Review  of  photographic  coverage  and  hardware  investigation  reveals 
no  indication  of  fire  in  the  region  of  the  VI  thrust  chambers. 

4.1.3  Fire  was  reported  by  observers  within  7  seconds  of  Vernier  ignition 
and  was  also  noted  on  the  Blockhouse  television  display  at  this  time. 
C02  firex  and  launcher  coolant  systems  came  on  and  the  fire  was 
promptly  extinguished.  C02  was  turned  off  and  the  firex  was:  left 
on. 

4.1.4  A  second  flare  up  was  observed  and  promptly  extinguished  by  again 
turning  on  COg.  Fire  and  launcher  coolant  systems  remained  on 
throughout  the  fire. 

4.1.5  COg  was  turned  off  and  detanking  of  LOg  was  accomplished  without 
incident.  The  stand  engineer  and  a  fireman  were  sent  out  to  inspect 
the  missile.  Firex  and  launcher  coolant  systems  were  turned  off. 

4.1.6  When  the  fuel  prevalves  were  actuated  to  detank  fuel,  considerable 
fuel  appeared  to  be  coming  from  the  Sustainer  Gas  Generator  exhaust. 
Detanking  of  fuel  was  delayed  until  the  Sustainer  fuel  prevalve 
control  could  be  disconnected. 

4.1.7  Post  run  hardware  examination  revealed  that  the  Sustainer  Gas  Generator 
Fuel  blade  valve  remained  closed  throughout  the  run  and  that  the 

fuel  blade  valve  seals  were  intact.  It  was  also  determined  that  the 
fuel  volute  of  the  Sustainer  turbopump  contained  a  crack  approximately 
3/8"  X  10".  It  is  therefore  believed  that  the  fuel  reported  by  the 
observer  as  leaking  from  the  Gas  Generator  exhaust  was  actually  coming 
from  the  cracks  in  the  fuel  turbopump  volute. 

4.1.8  Verbatim  testimony  of  the  observers  is  presented  as  Appendix  B  to 
this  report. 
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TEST  DATA 


-1A9.13  to  -90 


The  following  is  a  chronological  presentation  of  significant  Run  212 
data  analysis  as  pertains  to  the  cause  and  history  of  the,  thrust  section 
explosion  which  occurred  during  this  run.  The  time  at  which  each 
event  occurred  is  stated  in  seconds  with  relation  to  Vernier  Igniters 
Firing  (Zero  Time).  Appendix  C  of  this  report  gives  a  detailed 
presentation  of  the  analysis  of  all  data  recorded  during  Run  212. 
Appendix  D  presents  a  detailed  chronological  history  of  significant 
data.  (  Appendices  C  and  D  follow  Section  7  of  this  report). 

Chronological  History  of  Major  Events ; 

(Zero  time  is  Vernier  Igniters  firing) 

TIME  (SECONDS)  EVENT 


TIME  (SECONDS)  EVENT 

-467  Su stainer  Gas  Generator  discharge  temperature  in¬ 

dicates  a  decline  from  117  Deg.  F  to  negative  peg. 
The  time  at  which  this  decline  took  place  is  un¬ 
known  as  the  recorder  was  not  turned  on  until 
-467  seconds. 

-299.83  Commenced  pressurization  Sequence  III  which  in¬ 

dicates  the  LC>2  tanking  was  completed. 

-149.13  to  -90  During  this  period,  three  unsuccessfull  attempts 

were  made  to  switch  electrical,  power  to  internal 
and  the  run  proceeded  on  external  power. 

-6l  Indication  of  continuous  L02  flow  of  approximately 

3  lhs/min  to  the  Sustainer  Gas  Generator.  The 
time  the  flow  started  is  unknown  as  the  CEC  re¬ 
corder  No.  8l 46  was  not  turned  on  until  this  time. 

-38.13  LOg  duct  pressure  activity  indicating  fill  and 

drain  valve  closing  at  conpletion  of  LOg  dumping. 

-13.24  to  -1384  Vernier  start  sequence  initiated  and  start  tanks 

pressurized  resulting  in  transient  Vernier  and 
Gas  Generator  propellant  flows  due  to  displace¬ 
ment  of  gas.  Sustainer  Gas  Generator  LOg  flow 
increases  to  .5  lhs/minute  (See  Graphs  6,  8  &  10) 

0  Vernier  igniter  squibs  signaled  to  fire. 

-.64  to  O.83  Vernier  propellant  valves  signaled  to  open, 

propellant  and  chamber  pressures  indicate  com¬ 
bustion  occurs  (See  Graphs  1,  2  &  6). 

-0.84  to  O.89  Sustainer  gas  generator  fuel  flowmeter  indicates 

low  amplitude  signal  or  noise  which  may  indicate 
flow  to  gas  generator  or  igniter  fuel  valve. 

(See  Graph  9). 

_ A  ■  ^ _ _ 

TMi  tfocvmtnt  cootoln*  Infocwetlon  oHoctlnf  tho  notltnol  of  tho  Unltorf  Stott*  within  ft*  «eenlne  of  the  Iiplonoeo  tow*.  Title 

II,  U.S.C.,  Soctlon  713  o*l  7f4,  tKt  fronimliilon  or  rovolotlon  of  which  In  cny  monitor  to  on  onowthorlood  per***  I*  prohlkltoe  ky  low. 


-38.13 


-13.24  to  -1384 


-.64  to  O.83 


-0.84  to  0.89 
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1.81  to  1.82 


1.87  to  2;22 


2.31  to  2.37 


2.38  to  2.47 


2.48  to  2.53 


2.74  to  3.01 
3.27  to  3.31 


5.08  to  5.21 


EVENT 

Rooster  and  Sustainer  LOp  and  Igniter  fuel  valvea. 
energized  to  open  indicating  main  igniters  have 
fired. 

Booster  and  Sustainer  main  L02  valves  open;,  pres¬ 
sures  and  flows  indicate  igniter  LOg  and  fuel  flow 
(See  Appendix  D),  Sustainer  gas  generator  fuel 
flow  indication  may  he  flow-  to  gas  generator. 

(See  Graph  $?)• 

Ignition  complete  indicates  ignition  detection 
signaled  gas  generator  igniters  to  fire. 

Many  measurements  indicate  transients  or  loss  of 
signal.  (See  Appendix  E).  Booster  and  Vernier 
sequence  control  power  is  lost  indicating  dis¬ 
ruption  of  electrical  circuits.  Loss  of  ground 
automatically  initiates  cutoff.  Lead  cells  and 
launcher  strains  indicate  shock  of  significant 
magnitude  (See  Graphs  3  &  5)»  Most  accurate 
time  correlation  is  by  measurements  recorded  on 
oscillograph  which  indicate  shock  originated  in 
Sustainer  section.  Sustainer  fuel  flow  starts 
at  130  lbs/sec.  indicating  system  ruptured. 

(See  Graph  7)» 

Engine  compartment  temperature  starts  to  increase 
though  not  abnormally  (See  Graph  11).  Other 
measurements  indicate  transients  and  loss  of  l 
signal. 

Vernier  pressures  indicate  propellant  valves 
closed  and  combustion  ceasing. 

Sustainer  HSV  closed  by  microswitch  indication  but 
still  partially  open  by  angular  position  trans¬ 
ducer. 

Many  measurements  still  erratic  and  losing  signals’ 

Missile  movement,  Sustainer  fuel  duct  pressure, 
activity  and  engine  compartment  temperature  and 
launcher  strains  -indicate  another  shock  and  prob¬ 
able  start  of  major  fire  (See  Graph  5). 

Sustainer  HSV  confirmed  to  be  closed  by  angular 
position,  transducer.  This  indicates  electrical 
control  circuit  disruption  since  the  open  signal 
and  control  hydraulic  pressure  were  still  present. 

Engine  electrical  control  circuits  de-energized 
by  cutoff;  propellant  js tart  tanks  vent. 
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7.87  to  7-97 


13.36  to  17.87 


20.67  to  30 


48.87 


Analysis  of  Results 


5.3.1  Propulsion  System: 


EVENT 

Miseile  movement  and  pneumatic  pressure 
transients  indicate  another  shock  or  air¬ 
borne  pressure  supply  transient. 

Propellant  pre-valves  indicate  closed  and 
Sustainer  fuel  flow  ceases  (See  Graph  7) 

Thrust  section  temperatures  reach  maximum 
and  begin  to  decrease  towards  ambient  (See 
Graphs  11  &  14)  indicating  fire,  decreasing. 

Fuel  tank  pressure  indicates  restep  to 
Sequence  II. 

Thrust  section  temperatures  at  or  near 
ambient  indicating  fire  out.  (See  Graphs  11 
&  14). 


5. 3.1*1  The  Sustainer  gas  generator  temperature  (Graph  19)  and  lox  flowmeter 
(Graph  8)  indicate  lox  flowing  into  the  combustor  prior  to  start. 
Indicated  fuel  flow  to  the  Sustainer  gas  generator  (Graph  9)  is 
suspected  as  signal  noise  because  of  the  low  amplitude ,  non-sinusoidal 
trace . 


5- 3.1.2 


5. 3. 1.3 


Vernier  Ignition  and  start  tank  fed  operation  were  similar  to  previous 
runs.  (Graphs  1,  2  &  6).  Main  engine  ignition  was  completed  but 
mainstage  was  not  achieved  due  to  lack  of  gas  generator  igniter  links 
break  signal.  Without  the  GG  igniter  links  break  signal  the  gas  gen¬ 
erators  propellant  blade  valves  and  main  fuel  valves  were  not  signalled 
to  open.  '  Vernier  propellant  and  main  lox  valve  closed,  apparently 
due  to  loss  of’  electrical  control  power  as  opening  signals  were  still 
transmitted  until  2.78  sec.  after  ignition  was  completed.  Cutoff 
vented  the  start  tanks.  Sustainer  fuel  flowed  for  13  sec.  from 
ignition  complete  until  propellant  pre-valves  closed,  indicating  that 
the  Sustainer  fuel  system  was  ruptured  as  there  was  no  indication  of 
fuel  valves  opening. 

Analysis  of  records  from  the  preceeding  firing,  Run  211,  show  a  pro¬ 
nounced  temperature  surge  in  the  Sustainer  Gas  Generator  immediately 
after  cutoff.  (See  Graph  20).  Temperature  rose  from  approximately 
1000°  at  cutoff  to  1800°  0.1  second  later.  The  recorder  pegged  at 
l820°F  for  0.5  seconds,  fell  to  l450°F,  spiked  to  l680°F,  and  then 
declined  normally.  After  the  run  the  transducer  was  inspected  and 
showed  evidence  of  being  burned  and  was  replaced  prior  to  Run  S2-212. 
This  measurement  has  not  been  reliable  in  the  past,  and  the  above 
temperatures  can  be  considered  approximate  only,  in  view  of  the  damage 
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5. 3.1*3.  (Cont'd) 

suffered  by  the  transducer.  However,  it  is  reasonable  to  conclude 
that  a  large  and  relatively  prolonged  temperature  surge  occurred 
immediately  after  cutoff.  This  surge  probably  caused  the  failure  of  the 
Gas  Generator  LOg  seeds.  It  represents  the  only  significant  deviation 
from  normal  run  conditions,  disregarding  Sustainer  Overspeed  Trip 
activation,  which  was  observed  in  Run  211  data. 

5.3. 1.4  The  Sustainer  Gas  Generator  was  disassembled  at  Sycamore.  The  blade 
valves  were  found  in  the  closed  position.  The  LOg  seals  were  shattered. 
The  fuel  seals  were  intact  (See  photographs  17  through  28). 

5. 3. 1.5  After  examination  of  the  Sustainer  Gas  Generator  at  Sycamore  the  unit 
was  released  to  Rccketdyne  for  examination  at  Canoga  Park.  A  detailed 
examination  of  individual  components  was  conducted.  It  was  discovered 
that  the  injector  head  was  bulged  slightly  downward  (.068  inches  maximum). 
Tie  LOg  manifold  was  found  to  be  slightly  bulged  upward  and  outward 
(.020  inches).  (See  Appendix  F  for  Rocketdyne  reports). 

5*3.2  Electrical  System; 

After  three  attempts  to  switch  to  internal  electrical  power,  the 
electrical  jpower  remained  on  external  and  was  normal  until  2.36  sec. 
when  propulsion  control  power  (E1027V)  indication  was  lost;,  missile 
systems  power  remained  normal  for  remainder  of  the  test. 

5.3.3  Pneumatic  System 

Propellant  tank  pressures  were  normal  throughout  the  test.  Fuel  tank 
and  lox  regulator  pressures  reflect  change  to  internal  at  approx.  -31  sec, 
but  temperatures  do  not  reflect  cold  gas  flow.  Sustainer  control  pressure 
transient  (@2.27  sec),  indicates  controls  pressure  switchover  to  in¬ 
ternal  .71  after  this  signal.  Most  measurements  indicate  signal  loss 
or  transients  after  ignition  complete  (2. 30  sec.)  as  result  of  shock, 
fire,  and  disruption  of  instrument  signal  circuits.  Indicated  booster 
control  pressure  loss  is  a  signal  loss  as  LOg  reference  regulator  still 
indicates  pressure . 

5*3*4  Hydraulic  System 

Ground  supply  maintained  pressures  satisfactorily. 

5.3.5  Flight  Control  System 

Engines  were  maintained  in  null  position,  autopilot  program  was  not 
initiated  as  main  engines  complete  signal  was  not  transmitted. 
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5. 3. 1.3.  (Cont’d) 

suffered  by  the  transducer.  However,  it  is  reasonable  to-  conclude 
that  a  large  and  relatively  prolonged  temperature  surge  occurred 
immediately  after  cutoff.  This  surge  probably  caused  the  failure  of  the 
Gas  Generator  LOg  seals.  It  represents  the  only  significant  deviation 
from  normal  run  conditions,  disregarding  Sustainer  Overspeed  Trip 
activation,  which  was  observed  in  Run  211  data. 

5..3*I*^  The  Sustainer  Gas  Generator  was  disassembled  at  Sycamore.  The  blade 

valves  were  found  in  the  closed  position.  The  LOg  seals  were  shattered. 
The  fuel  seals  were  intact  (See  photographs  17  through  28). 

5.3.1. 5  After  examination  of  the  Sustainer  Gas  Generator  at  Sycamore  the  unit 
was  released  to  Rccketdyne  for  examination  at  Canoga  Park.  A  detailed 
examination  of  individual  components  was  conducted.  It  was  discovered 
that  the  injector  head  was  bulged  slightly  downward  (£>68  inches  maximum). 
Tie  LOg  manifold  was  found  to  be  slightly  bulged  upward  and  outward 
(.020  inches).  (See  Appendix  F  for  Rocketdyne  reports). 

5.3.2  Electrical  System: 

After  three  attempts  to  switch  to  internal  electrical  power,  the 
electrical  power  remained  on  external  and  was  normal  until  2.36  sec. 
when  propulsion  control  power  (E1027V)  indication  was  lost;  missile 
systems  power  remained  normal  for  remainder  of  the  test. 

5.3.3  Pneumatic  System 

Propellant  tank  pressures  were  normal  throughout  the  test.  Fuel  tank 
and  lox  regulator  pressures  reflect  change  to  internal  at  approx.  -31  sec, 
but  temperatures  do  not  reflect  cold  gas  flow.  Sustainer  control  pressure 
transient  (@2.27  sec),  indicates  controls  pressure  switchover  to  in¬ 
ternal  .71  after  this  signal.  Most  measurements  indicate  signal  loss 
or  transients  after  ignition  complete  (2. 30  sec.)  as  result  of  shock, 
fire,  and  disruption  of  instrument  signal  circuits.  Indicated  booster 
control  pressure  loss  is  a  signal  loss  as  LOg  reference  regulator  still 
indicates  pressure . 

5.3. ^  Hydraulic  System 

Ground  supply  maintained  pressures  satisfactorily. 

5.3.5  Flight  Control  System 

Engines  were  maintained  in  null  position,  autopilot  program  was  not 
initiated  as  main  engines  complete  signal  was  not  transmitted. 
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6.0  HARDWARE  DAMAGE 

6.1  The  following  is  a  summary  of  the  hardware  damage  sustained  by 

Missile  13  as  a  result  of  the  explosion  in  the  Sustainer  turbine 

system. 

6.2  Sustainer  Engine 

1)  Nozzle  and  second  stage  turbine  wheel  ^own  off  (See  Photo  6). 

2)  Fuel  pump  volute  cracked  completely  around  circumference .  Also 
crack  approximately  10  inches  long  and  3/8  inches  wide  near  hub. 
(See  Photo  5)* 

3)  Turbo  pump  gear  case  separated.  (See  Photos  5  and  28). 

4)  Gas  Generator  exhaust  shroud  torn  off  and  blown  upward  toward 
Quads  I  and  II  (See  Photos  1  and  7)* 

5)  Exhaust  shroud  straps  torn  off  and  hanging  loose.  (See  Photo  l). 

6)  Thrust  chamber  torn  and  twisted,  tubes  sheared  from  throat 
section  downward.  Primary  force  was  applied  from  Quad  IV  to 
Quad  II  with  heaviest  damage  at  fourth  band  down  from  throat.* 
Chamber  bands  were  ”UM  shaped  and  exterior  of  Quad  IV  was 
compressed  to  interior  of  Quad  II.  (See  Photos  1  and  2). 

7)  Three  cannon  connectors  were  broken  on  Engine  Relay  box. 

Bottom  of  Relay  box  slightly  bent  around  connector. 

8)  All  drain  lines  were  bent,  twisted,  and  collapsed  (See  Photo  2). 

9)  Exhaust  manifold  blown  out  through  flame  bucket.  One  small 
section  imbedded  in  skirt  section  at  Quad  IV.  (See  Photo  6' 

10)  Sustainer  Gas  Generator  Number  P086  (NAA  9512-44185-51 )  was 
remoyed  and  analyzed  to  determine  the  condition  of  the  blade 
valves  and  combustion  chamber.  Results  of  the  investigation 
disclosed  the  LOg  downstream  port  seal  was  shattered  and  the 
upstream  seal  was  cracked.  (See  Photos  17  through  28). 

6.3  Booster  Engine 

6.3.1  B1  Thrust  Chamber  -  Damaged  beyond  repair  (See  Photos  8  and  9). 

1)  Quad  II  damage  consisted  of  an  8  inch  cut  2  feet  from  the  bottom, 
and  a  l/h  inch  hole  1  foot  from  the  bottom  of  the  thrust  chamber. 

2)  Between  Quads  II  and  III  damage  consisted  of  a  large  6  inch 
concave  area  with  a  2  inch  hole  through  the  wall  3  feet  from 
the  bottom,  eight  smaller  holes  and  concave  areas,  and  a  l/2 
inch  hole  through  the  wall. 


rXUNHUEW  I IATT 


tot  4mm 1  mMm  MkM  tfhthy  to  Mtoatf  Mm  W  to  IMto  ton  to  ■■Ilf  ¥  to  WmNi  Tito 

3;  uTcTmnm m  mt  m,  *  imimii  •*  n  mm  h  «  mnwy  hmm  ••  f»Mto<  »•*. 


I 


I 


PlnAl  accident  report 
RUN  S2-212-B4-01 


6.3.1  (Cont'd) 

3)  Damage  in  Quad  III  consisted  of  two  2  inch  holes  approximately  2  feet 
from  bottom  of  chamber,  a  2  inch  cut  and  a  small  hole  through  the  wall 
3  feet  from  the  bottom,  a  l/2  inch  hole  and  twelve  collapsed  tubes  1 
foot  from  the  bottom,  a  l/2  inch  hole  7  inches  from  the  bottom,  and 
three  small  dents  3  inches  from  the  bottom. 

6.3.2  Bl  Thrust  ohas-ber  -  Heavily  darj&£#d  (Gee  Pn-'tos  3.0  a..d  11). 

l)  Damage  consist-’  i  of  punctured  tubes  and  i/2  inch  holes  betvreen 
second  and  third  bauds  of  chamber,  a  6  by  it  inch  concave  area 
and  collapsed  tubes  between  third  and  fourth  bands  on  side  toward 
Sustsiner.  The  area  was  dented  diagonally  for  3  inches.  In 
addition,  eight  tubes  were  sheared  off. 

6.3.3  Booster  Engine  Components 

1)  Miscellaneous  engine  plumbing  destroyed  (See  Photo  2). 

2)  Booster  turbine  exhaust  duct  below  heat  exchanger  collapsed. 

(See  Photos  3  and  7). 

3)  Lube  oil  tank  punctured.  (See  Photo  4). 

)  Pneumatic  control  system  damaged  extensively. 

5)  An  estimated  yOp  of  all  engine  e\  wiring  destroyed. 

6.4  Vernier  Engine  No.  1 

6.4.1  Damage  to  the  V-l  engine  consisted  cf  the  following : 

1).  Pressure  switch  harness  burned. 

2j  Pitch  actuator  harness  burned. 

3)  Several  wires  ir<  Plug  190208-7  were  charred  and  potting  compound 
around  plug  was  melted. 

4)  Ground  wire  to  Receptacle  <590208-7,  aud  several  other  wires  were 
charred. 

6.5  Ihrust  Section  (Seo.  F'vio  Ik) 


6.5.I  Damage  in  Quad  1 


1)  Interslcin  and  compression  strut  pulled  locse  at  Sta  3.248. 

2)  Interskin  pulled  lease  75  inches  from  Quad  I  between  Sta  1243  and 
1297. 

3)  Skirt  section  pulled  Icose  from  rivets  in  barrel  section  between 
Sta  1297  and  Sta  r2’8. 
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6.5.1  (Cont’d) 

4)  Horizontal  strut  and  bulkhead  at  Sta  1268  pulled  from  rivets. 
Bulkhead  rippled. 

5)  Strut  between  Sta  1297  and  Sta  1268  pulled  loose  with  some 
corrugation. 

6)  Bulkhead  web  at  Sta  1243  pulled  loose  from  rivets  and  bulk¬ 
head  rippled. 

7)  Bulkhead  web  at  Sta  1297  pulled  loose  at  rivets. 

6.5.2  Damage  from  Quad  I  to  Quad  II 

1)  Split  along  rivets  in  thrust’ barrel  section  at  Sta  1268. 

2)  Dents  (35)  ranging  from  9  to  15  inches  from  end  of  barrel  between 
each  corrugation. 

3)  Interskin  pulled  loose  from  rivets  at  Sta  1297  bulkhead. 

4)  Interskin  pulled  loose  from  rivets  at  Sta  1268’. 

5)  Interskin  on  X-X  axis  pulled  loose  from  Sta  1248  to  Sta  1297. 

6)  Interakin  pulled  loose  from  rivets  at  Sta  1297  bulkhead. 

7)  LN2  fill  and  drain  line  damaged  by  2  inch  hole  at  Sta  1248, 

6.5.3  Damage  in  Quad  II 

1)  Tubing  badly  burned. 

2)  Interskin  pulled  loose  15  inches  from  Quad  il  between  Sta  1206 
and  Sta  1297 . 

3)  Corrugation  pulled  loose  from  Sta  1297  bulkhead. 

6.5.4  Damage  from  Quad  III  to  Quad  IV 

1)  Bulkhead  web  at  Sta  1299  torn  loose  from  rivets.  Eight  feet  of 
Web  torn  in  many  places. 

2)  Innerskin  riveted  to  corrugation  from  Sta  1268  to  Sta  1299 
torn  loose.  Multiple  cracks  in  innerskin  and  rivets  pulled  out. 

3)  Innerskin  riveted  to  corrugation  from  Sta  1268  torn  loose.  Rivets 
pulled  out  and  stiffeners  cracked. 

4)  Corrugation  of  Sta  1248,  halfway  between  Quads,  torn  loose 
from  rivets. 
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6. 5.4  (Cont‘d) 

5)  Launcher  purge  and  control  panel  between  Quads  at  Sta  1300  aemated 
and  twisted,  (See  Photo' .13}. 

6.i?.5  Damage  in  Quad  IV  (See  Photos  12,  15  and  16) 

1)  Compression  struts  torn  loose  from  mounting  brackets  at  Sta  1245 
and  Sta  1280, 

2)  Large  diagonal  hole,  12  by  4  inches,  tom  in  corrugation  of  Booster 
pod  extension  at  Sta  1287 * 

3)  Diagonal  hole  in  6  inch  section  of  bulkhead  at  Sta.  1299* 

4)  Disconnect  panel  (7-77260-1 )  at  Sta  1268  disconnected  and  twisted. 

5)  Corrugation  at  Sta  1299  torn  loose  by  piece  of  Sustainer  exhaust 
shroud.  Corrugation  extended  about  12  inches. 

6)  Bulkhead  rivets  at  Sta  12 99  pulled  out.  Web  and  angle  web  tom. 

7)  Rivets  pulled  loose  from  corrugation  at  Sta.  1268.  Corrugation  and 
webbing  tom  across  width  and  corrugation  extended  about  12  inches. 

8)  Stiffener  at  Sta  1240  pulled  out  and  a  crack,  about  10  inches, 
extends  away  from  rivets. 

9)  Innerskin  riveted  on  corrugation,  behind  jettison  rail  from  Sta  1206 
to  1248,  tom  and  pulled  from  rivets. 

10)  Corrugation  of  Sta  1268  pulled  from  former  bulkhead  and  extended 
from  1  to  12  Inches  away  from  center  of  thrust  chamber. 

1 

11)  Vertical  tear  in  inner  skin  along  rivets  between  Sta  1230  and 
1240  extends  about  30  inches  from  X-X  axis. 

12)  Vertical  tear  in  inner  skin  along  rivets  between  Sta  1240  and 
Sta  1247  extends  for  about  15  inches  from  Y-Y  axis. 

13)  Thrust  barrel  parted  from  bulkhead  at  Sta  1268  for  about  4  feet 
starting  at  X-X  axis. 

14)  Hole  torn  in  thrust  barrel  structure  on  X-X  axis. 

15)  Hole  torn  in  thrust  barrel  structure  about  12  inches  from  X-X  axis. 

6.6  Thrust  Section  Interior 

6.6.1  General  Damage 

l)  Heat  exchanger  dented  for  about  l/4  its  circumference  on  side 
facing  the  Sustainer. 
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6.1  (Cont'd) 


2)  Lower  compression  strut  mounting  bracket  broken  and  piece  missing. 

3)  Gusset  (7-77961-38)  bent  and  torn  with  one  rivet  popped  out. 

4)  Angle  strut  (7-77961-3*0  bent  and  torn. 

5)  Entire  area  below  bulkhead  at  Sta  1268  heat  blistered. 

6)  C02  and  Firex  pipe  bent  and  twisted  in  Quads  I  and  IV.  Firex 
pipe  smashed  into  Bl,  causing  severe  damage.  (See  Photo  9) 

Braces  for  Firex  pipe  bent  and  twisted. 

7)  Compression  struts  in  Quads  I  and  IV  torn  loose  from  thrust 
section  skirt  (both  upper  and  lower  strut).  In  Quad  II,  only 
the  upper  strut  is  loose.  In  Quad  III,  only  the  lower  strut 
is  loose. 

8)  LN2  supply  line  to  pressurization  bottle  shroud  caved- in  directly 
below  shroud  in  Quad  I  and  II. 

9)  B1  engine  relay  box  connectors  burned  and  broken. 

10)  Split  3  inches  long  in  bottom  half  of  Booster  lube  oil  tank  on 
Quad  IV  side.  (See  Photo  h) 

11)  Lower  Booster  relay  box  bracket  torn  off, 

12)  Oval  shaped  crack  about  12  by  8  inches  in  diameter  in  Sustainer 
turbopump  gear  case. 

13)  Crack  in  fuel  volute  of  Sustainer  turbopump.  (See  Photo  5)* 

.14)  Engine  pneumatic  manifold  wiring  charred  and  burned. 

15)  Booster  exhaust  duct  caved-in  below  heat  exchanger.  Small  dent 
in  heat  exchanger.  (See  Photo  7)- 

16)  On  lower  Eooster  engine  relay  box,  one  cannon  connector  broken 
and  2  connectors  burned  and  cracked.  Cannon  connector  lines 
burned  and  cracked. 

17)  Asbestos  on  thrust  section  heating  duct  torn,  twisted,  and  burned. 

Missile  Pods 

Damage  to  equipment  in  Missile  pods  was  as  follows: 

1 )  Ground  wire  for  MSD  plug  and  J1131  connector  burned  entire 
length  (approx.  2b  inches). 

2)  Taped  end  of  ground  cable  at  base  of  pod  burned  approximately 
3  inches . 
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6.7.1  (Cont'd) 

3)  Potting  compound  for  MSD  cable  and  connector  (J1131)  charred  6  inches 
from  connector. 

4)  Pod  doors  paint  blistered  in  area  6  inches  vide  over  entire  length 
of  doors. 

6.8  Facilities 

6.8.1  Damage  to  facility  equipment  vas  as  follows: 

1)  Rubber  insulation  from  wire  between  Quads  I  and  IV  burned  and  melted 
along  trunnion  at  level  17 . 

2)  Rubber  insulation  on  wire  at  level  17  between  Quads  III  and  IV  melted 
and  burned. 

3)  Leak  in  hydraulic  flex  line  at  rise-off  fitting  in  Quad  IV,  level 
17*  (See  Photo  13). 

4)  All  rise -off  panel  hydraulic  flex  lines  between  Quads  III  and  I V 
at  level  17  are  badly  discolored  from  smoke  and  burning. 

5)  Flex  heater  duct  across  deck  between  Quads  I  and  IV  at  level  17 
burned  for  about  6  feet  of  its  length. 

6)  Foil  wrapping  on  Pod  coolant  flex  line  in  Quad  IV,  level  17>  blown 
and  tattered.  Little  evidence  of  flex  line  burning. 

6.9  Tower 

6.9*1  Damage  to  tower  components  and  equipment  was  as  follows: 

1)  Curtain  on  south  east  side  of  tower  at  level  17  badly  burned. 

2)  Pod  cooling  duct  between  levels  17  and  27  scorched  and  burned  for 
about  6  to  7  feet.  All  of  one  "Y"  duct  scorched  and  burned. 

3)  Paint  was  badly  scorched  on  southeast  bottom  side  of  tower  level  35 
platform. 

4)  Paint  on  south  bottom  sides  of  tower  level  27  platforms  badly  scorched 
and  damaged  by  water. 

5)  Thrust  barrel  heater  ducting  at  level  17  badly  scorched  and  burned 
in  several  places. 

6)  Fence,  railing,  and  duckbcards  on  level  17  badly  corroded  and  damaged 
by  fire  and  water. 

7)  CCU  piping  south  side  of  level  17  badly  corroded  and  damaged  by  fire  , 

ana  water .  I 
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6.10 


Ins  trumentat ion 


The  following  transducers  were  rejected  by  inspection  as  a  result  of 
damage  sustained  during  the  accident. 

MEASUREMENT  TRANSDUCER 


NO. 

NAME 

PART  NO. 

SERIAL  NO. 

A95P 

FAIRING  DIFFERENTIAL 

7-01225-805 

7 

A109P 

FAIRING  DIFFERENTIAL 

7-01225-805 

204 

FL011P 

L02  PRESS  REG  DISCS 

7-01225-803 

57 

flii4p 

LO2  PRESS  REG  INLET 

7-01226-801 

148 

F1124P 

S  TANK  HE  BTL  DISCH 

7-01226-801 

267 

H1033P 

B1  HYD  ACCUMULATOR 

7-01226-801 

246 

HL052P 

S  HYD  ACCUMUIATOR 

7-01226-5 

13 

H  IT 

MSL  HYD  PUMP  DISCH 

7-01223-5 

67 

P1349B 

S  HJMP  SPEED 

7-01437- A1 

NAA 

P  2P 

B1  FUEL  PUMP  INLET 

7-01226-1 

15 

P1010P  \ 

B1  LUB  OIL  MAN 

7-01226-3 

136 

P1027P  ] 

|  VERNIER  FUEL  TANK 

7-01226-3 

442 

P1059P  / 

B2  THRUST  CHAMBER 

7-01627-5 

2297 

P1091P 

B1  LOp  INJ  MAN 

7-01627-801 

2027 

P1093P 

HI  FUEL  INJ  MAN 

7-01627-801 

3534 

P1094P  / 

B2  FUEL  INJ  MAN 

7-01627-801 

1763 

P1235P 

VERN  LOg  TK  REG  OUT 

7-01226-3 

46 

P1280P 

S  GG  FUEL  VLV  INLET 

7-01226-3 

65 

P1330P 

S  FUEL  PUMP  DISCH 

7-01226-801 

50 

P1332P 

S  LO2  PUMP  DISCH 

7-01226-801 

5 

P1489P 

B  GAS  GEN  LO2  VLV  IN 

7-01226-3 

3 

P1014T 

ENG  COMP  AMBIENT 

7-01223-1 

52 

P1017T 

B2  TURBINE  IN 

7-01265-801 

17 

ST171P 

B GG  FUL  ORFC  BLK  IN!  P 

7-01226-3 

4l 

6.11  FRAGMENTATION  SURVEY 


6.11.1  As  part  of  the  activities  of  the  hardware  investigation  committee  a 
survey vwas  conducted  to  locate  and  identify  all  fragments  of  the  missile 
blown  from  the  stand  area  during  the  explosion.  The  locations  of  all 
fragments  discovered  was  recorded  on  a  map  of  the  area  (reproduced  on 
the  following  page )  and  each  fragment  was  inspected  and  identified  by 
Convair  and  Rocketdyne  personnel. 

6.11.2  The  locations  of  the  individual  fragments  is  not  considered  significant. 
The  majority  of  the  fragments  were  recovered  from  the  flame  deflector 
wash  and  the  fuel  skimming  pond  after  it  was  drained.  The  majority 

of  the  fragments  were  found  where  they  were  carried  by  flame  deflector 
water. 

6.11.3  Exceptions  to  this  are  fragments  number  4,  6,  7  and  32  which  were 
located  where  they  fell. 

6.11.4  A  list  identifying  individual  fragments  shown  on  the  distribution 
plan  is  reproduced  on  page  19. 
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Individual  Fragment  Identification  List 

1)  Instrumentation  pickup. 

2)  3  small  steel  fragments ,  heavily  carboned  on  one  side. 

3)  Fragment  -  marked  4-1102-75* 

4)  Second  Stage  Sustainer  Turbine  wheel 

5)  S  cap  fitting,  marked  with  orange  paint.  Does  not  appear  to  have 
come  from  the  explosion. 

6)  Aluminum  fragment. 

7)  Strap  for  retaining  boot. 

8)  Two  inch  piece  of  drain  line 

9)  3-4  inch  fragment,  probably  from  the  Sustainer  GG  exhaust  duct 
manifold. 

9A)  Similar  to  number  9*  Located  one  foot  to  the  south. . 

10)  Cable  assembly  with  a  brass  identification  band  stamped  J-3067-2. 

11)  Two  identification  tags  and  a  two  inch  piece  of  line  marked  as 
follows : 

TAG  NUMBER  ONE:  4600  PSIG 

TVA  71230-13 

TAG  NUMBER  TWO:  Set  at  4600  psig 
89-34906-002-13 

TWO  INCH  PIECE:  7-17706-13  3^5  -  01 

12)  Part  of  an  Igniter  cable 

13)  Another  igniter  cable. 

14)  A  piece  of  cable  with  color  coded  wiring.  Does  not  appear  to 
have  come  from  the  explosion. 

15)  A  group  of  parts  found  together  including: 

a)  An  igniter  cable  and  a  Vernier  Igniter  clamp  marked  9512412-07 

b)  Six  fittings  for  attaching  the  boots.  These  parts  appear  to 
have  been  brought  together  by  flame  deflector  water  action. 

16)  Two  small  metal  fragments 

17)  One  of  ■fchG  "bOJ-  ts  which  attaches  the  second  stage  turbine  wheel 
to  the  turbine  shaft. 

18)  fragment 
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19)  Turbine  wheel  blade. 

20)  2-3  inch  fragment 

21)  2-3  inch  fragment 

21A)  Large  twisted  fragment.  20,  21  &  21A  all  appear  to  have  come  from 
the  Sustainer  GO  exhaust  system. 

22)  Two  pieces  of  tubing,  a  fitting  holding  them  together,  and  a  small 
(separate)  piece  of  aluminum.  The  tubing  appears  to  be  part  of 
the  Sustainer  drain  lines. 

23)  A  piece  of  Sustainer  "Broomstick"  igniter  which  does  not  seem  to 
have  been  exposed  to  weather  and  is  probably  from  Run  S2-212-B4-01. 

24)  A  fragment  and  an  identification  tag  marked  7-67742-801  £]£§  -01 

25)  A  one  inch  piece  of  tubing. 

26)  A  piece  of  aluminum  probably  from  one  of  the  fittings  used  to 
attach  the  boots. 

27)  A  turbine  wheel  blade. 

All  parts  numbered  28  through  42  were  found  in  the  Skimming  Pond 
with  the  exception  of  number  32. 

28)  A  large  piece  of  the  Sustainer  GO  exhaust. 

29)  A  large  thicker  fragment.  Appears  to  be  from  the  Sustainer  GG 
exhaust  manifold. 

30)  Two  pieces  of  Sustainer  Thrust  Chamber  re-inforcing  bands. 

31)  Piece  of  tubing.  Probably  from  one  of  the  Sustainer  drain  lines. 

32)  Aluminum  tag  stamped  number  one. 

33)  Sustainer  Turbine  Second  Stage  Inlet  Nozzles. 

34)  Eighteen  inch  section  of  the  Sustainer  GG  exhaust  duct. 

35)  Part  of  the  Sustainer  GG  exhaust  duct  manifold. 

36)  The  Sustainer  Pneumatic  Helium  Heat  Exchanger  colls. 

37)  Four  pieces  of  U  channel  considerably  deformed.  Probably  Sustainer 
thrust  chamber  reinforcing  bands. 

38)  Three  pieces  of  strap. 
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39)  LN2  shroud  duct  narked  7-87570-BN-Ol. 

to)  Two  pieces  of  the  Sustainer  thrust  chamber  wall  tubing. 

hi)  A  group  of  fragments  from  the  Sustainer  GO  exhaust  duct  and 
exhaust  duct  manifold. 

h2)  A  piece  of  the  fiberglass  firewall. 

Miscellaneous  -  A  collection  of  small  fragments,  fittings,  etc., 
placed  in  a  box  marked  "Misc.  parts  Run  S2-212-Bh~0.1." 
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CONCLUSIONS 


The  explo»ion  was  caused  "by  damaged  seals  in  the  Sustainer  Gas 
Generator  LOg  "blade  valve.  These  seals  were  damaged  at  cutoff 
during  Run  211.  LOg  was  flowing  past  the  Suetalner  Gas  Generator 
blade  valve  from  a  time  early  in  Lox  tanking.  LOg  saturated 
the  residual  material  in  the  Sustainer  Gas  Generator,  Sustainer 
Turbine  and  the  Gas  Generator  exhaust  duct  and  manifold.  The 
resulting  hydrocarbon  gels  wer?  detonated  by  the  Sustainer  Gas 
Generator  igniters  firing.  The  explosion  was  centered  in  the 
Sustainer  turbine  probably  at  a  point  between  the  first  stage 
turbine  wheel  and  the  second  stage  nozzles.  Secondary  explosions 
may  have  occurred  in  the  exhaust  duct  and  manifold.  The  cause  of 
the  LOg  blade  valve  seal  failure  has  not  been  positively  determined. 
It  is  suspected  that  the  seals  were  damaged  by  a  minor  explosion 
which  occurred  between  the  Sustainer  gas  generator  injection  head 
and  the  LOg  manifold  at  cutoff  on  Run  211.  A  second  and  less 
probable  theory  is  that  the  seals  became  misaligned  and  were 
damaged  by  the  LOg  blade  valve  closing. 


RECOMMENDATIONS  AND  CORRECTIVE  ACTION 


It  is  recommended  that  Gas  Generator  purge  procedures  "be  reviewed 
and  Implemented  to  ensure  adequate  purge  pressure  and  duration. 

During  the  next  test  firing  of  missile  IB  it  is  planned  to  modify 
purge  procedures,  GG  purges  will  be  turned  on  five  seconds  prior 
to  Vernier  engine  start  and  continued  for  ten  minutes  after  cutoff. 

Purge  source  pressure  will  be  increased  to  ensure  adequate  purge 
pressure. 

Gas  Generator  propellant  flows  and  temperature  measurements  should  be 
checked  during  propellant  tanking  and  after  firing  to  aid  in  detecting 
leaks. 

The  S2  water  and  C0?  fire  fighting  systems  were  demonstrated  to  be 
adequate  in  controlling  a  fire  of  this  nature.  It  is  recommended  that 
these  systems  be  mandatory  for  all  static  firings 

Closing  of  pre -valves  as  a  part  of  emergency  fire  procedures  should 
be  adopted  as  standard  procedure  for  all  static  firings.  local  controls 
for  the  Booster  and  Sustainer  pre-valves  should  be  provided. 
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APPENDIX  B 

OBSERVERS  VERBATIM 
TESTIMONY 

RUN  S2-212-B4-01 


ifAynMkm 

wnTwETITI 


iWNHot  M»  alt >mI  4tk Mi  1  H»  U*M  $***+ 

*M*ak*}«*  tr  mmMm  1  wkUh  In  «av  immi 


n 


K.  E,  Newton 


K.  E.  Newton 


- jCONriDENTIAT^ - 

ThU  4a<a»anl  «a«rtaln«  Infarwatlan  aHaclInf  to  natlanal  rfiluM  tf  *ha  UnIM  State!  wllhln  to  maantftf  af  to  f»»lnna#n  lawt,  TI»Ia 
It,  U.I.C.,  l*«llan  793  #n4  794,  to  IraaiMfiitaft  *r  rayafatlan  af  which  In  any  wannar  ta  an  unavtharlaatf  aartan  It  acahlblto  by  law. 


FINAL  ACCIDENT  REPORT 
RUN  S2-212-B4-01  _ 


.  THWPWI. I  IMtr 


VISUAL  OBSERVER:  R.  R.  MacDougal,  S2  Stand  Engineer 


LOCATION:  Middile  Blockhouse  Periscope 


LOp  tanking,  tank  pressurization,  vents  and  ignition  appeared  normal. 
First  noticed* puff  of  fire  and  smoke  apparently  concentrated  around 
Bl.  The  viewing  angle  could  cause  smoke  around  the  Sustainer  to  appear 
concentrated  around  Bl. 


'  S/  R.  R.  MacDougal 
R.  R.  MacDougal 


<48ynrwBni  i  iml 


TbU  MtHcliH  mrfUool  of  >S«  UniJod  Stofoi  within  tf*  w#oaln*  of  th#  EiploftOf#  tnws,  Till# 

II,  U.S.C.,  7tJ  T9  4,  Hm»  or  r*v*l*flo*  which  In  «np  monitor  !•  on  unevthorltod  port  on  li  prohibited  by  low. 


VISUAL  OBSERVER:  E.  R.  McFadden,  Test  Conductor 
LOCATION:  Left  Blockhouse  Periscope 


During  ignition  stage  attention  was  directed  to  Sustair.er  Tachometer 
speed  recorder.  An  abrupt  rise  and  drop  of  recorder  was  noted  during 
ignition.  Started  for  periscope;  when  fire  warning  came  from  tank 
observer,  immediately  called  for  cutoff,  COj  and  firex. 


S/  E.  R.  McFadden 
E.  R.  McFadden 


- .rnNrmrNTiftr~~ - 

TMi  docwmont  contains  »**f*rmc!lon  offoctlna  tho  notional  dofomo  of  tho  United  Stotot  within  tho  mooning  of  tho  Eiploncgo  Iowa,  Tltlo 
II,  U.S.C.,  5octlon  793  o  nd  794,  tho  t/cnimlulon  or  rovo  lotion  of  which  In  ony  monnor  to  on  unouthorlxod  port  on  la  prohibited  by  low. 


1?IKAL  ACCIDENT  REPORT 
RUN  S2-212-B4-01 


15?- 


VISUAL  OBSERVER:  R.  C.  Lynch,  Asst.  Test  Conductor 
LOCATION:  Blockhouse  TV 


Was  watching  test  conductor’s  console  and  two  channels  of  closed  Icop 
TV.  Vernier  ignition  appeared  reasonably  normal  as  did  early  ignition 
stage  on  main  chambers.  Pa  ins tag?  never  developed  either  on  TV  or  on 
test  conductor’s  console.  My  first  indication  of  a  malfunction  was  at 
the  end  of  ignition  stage,  or  where  ignition  stage  should  have  ended. 

Hear  no  explosion  but  suddenly  saw  wh at  appeared  to  be  burning  fuel 
falling  from  the  thrust  section  between  the  Sustair.er  engine  and  B1  on 
the  Quad  I  side  of  the  missile.  Light  indications  on  test  conductor’s 
consoles  where  improper  at  this  time,  but  I  cannot  recall  to  what  extent 
they  were  wrong. 

Depressed  Vernier  cutoff  button  at  first  indication  of  the  malfunction  and 
commenced  the  activation  of  fire  fighting  system. 


S/  R.  C.  Lynch 
R.  C.  Lynch 
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VISUAL  OBSERVER:  C,  H.  Oliver,  Teat  Engineer 
LOCATION :  North  Tank  Observer 


V2  ignition  appeared  normal.  Booster  and  Sustaiher  ignition  start 
appeared  normal ;  Almost  immediately  after  ignition  start  observed 
Vernier  cutoff i  Ignition  stage  suddenly  appeared  as' a  fire- wi$h - 
flames  billowing  out  around  the  thrust  section.  Fire  seemed  con¬ 
centrated  under  B1  and  Sustainer  engine.  Called  for  cutoff,  Firex 
and  COg  came  on  and  fire  was  promptly  extinguished.  CCg  turned  off. 
Shortly  afterwards  the  fire  flared  up  again.  COg  was  turned  on  and 
fire  again  extinguished.  COg  was  turned  off  and  fiiex  was  left  on. 
No  further  indication  of  fire.  Detanking  of  LOg  appeared  normal. 
Fuel  leak  during  attempt  to  detank  fuel  could  not  be  seen  from  north 
tank  due  to  firex  water,  LNg  flush  water  and  heavy  vapor. 


S/  C.  H.  Oliver 
C.  H.  Oliver 
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PINAL  ACCIDENT  REPORT 
BUR  %2-.212-B4-01,  , 

3^ 


VISUAL  OBSERVERS  Frank  DiPiazza,  Test  Engineer 
LOCATION:  South  Tank  Observer 


First  sited  a  fuel  rich  abnormal  Vernier  engine  ignition .and  then  -the 
appearance  of  mainstage  and  an  immediate  cutoff.  Sound  of  cutoff  was 
present.  At  that  time,  I  noticed  a  spreading  fire  in -the  area  of 
Vernier  engine  VI,  and  Immediately  I  reported  fire.  >  . 


V 


S/  F.  DiPiazza 


F.  DiPiazza 
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FINAL  ACCIDENT  REPORT 
RUN  S2-212-B4-01 


VISUAL  OBSERVER :  Dene  Allard,  Photographer 
LOCATION:  Photo  Tank  Observer 


As  the  main  engines  ignited  I  noticed  a  burst  of  flame  and  smoke  which 
seemed  to  be  concentrated  under  the  Sustainer  and^Bl  engines.  The 
flames  and  smoke  engulfed  the  lower  section  of  the  missile.  After  the 
fire  was  extinguished  a  second  flare-up  occurred  which  was  also  promptly 
extinguished. 


S/  Dane  Allard 
Dane  Allard 
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APPENDIX  C 


SUMMARY  OF  DATA  PRESENTATION 
BY  MEASUREMENT  NUMBER 

RUN  S2-212-B4-01 


>  NOTE:  Appendix  C  lists  all  measurements  recorded 
during  Run  212  and  describes  the  method 
employed  in  analyzing  each  record.  The 
following  abbreviations  are  used  in  column 
headings . 

TAB:  Tabulated 

GRA:  Graphical  presentation 

NOT  SIG:  Not  significant 
NOT  REV:  Not  relavent 
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APPENDIX  D 

DETAILED  CHRONOLOGICAL  HISTORY 
OF  SIGNIFICANT  DATA 
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138  S1247X  RLS  IN-FLIGHT  DISCON  DEACTIVATE 

139  S1248X  RELEASE  NOSE  CONE  DEACTIVATE 
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122  ST215X  VIB  PRINTER  TIME  OPERATED  EACH  1«S  SEC 


a  I 
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PHOTO  No,4 

BOOSTER  LUBE  OIL  TANK 
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PHOTO  No.  6 

MAJOR  SUSTAINER  ENGINE  PARTS 
EJECTED  BY  THE  EXPLOSION 


CONVAIR  ASTRONAUTICS 


B  phOTO  No.  8 

81  thrust  chamber 
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PHOTO  No.  12 

EXTERIOR  SKIRT  DAMAGE 
QUAD  IV  AND  EJECTED  UMBILiCALS 
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PHOTO  No.  13 
PURGE  RISE  OFF  PANEL 
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PHOTO  No.  16 

FAIRING  DAMAGE  QUAD  12 
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PHOTO  No.  19 

PROPELLANT  VALVE  ASSEMBLY 
WITH  INJECTOR  HEAD  REMOVED 


PHOTO  No.  20 

LO2  BLADE  VALVE  COVER  PLATE 

SHOWING  CRACKED  UPSTREAM  SEAL 
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PHOTO  No.  24 
LOa  BLADE  VALVE 
DOWNSTEAM  SEAL 


CONVAIR 


astronautics 


L0.PH-?™  25 


SE 


CONVAIR  ASTRONAUTICS 


FUFl  DU vrT0  No.  26 

d°wnst^mVYeIlSZTtG 


^QMsUjgun JU 


CONVAIR  ASTRONAUTICS 


FUR  pi  a  nr  '  NO.  27 

WTH  ^ 


CONVAIR  ASTRONAUTICS 


PHOTO  No.  28 

SUSTAINER  GAS  GENERATOR 


PROPELLANT  VALVE  ASSEMBLY  AS 

DISASSEMBLED 
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TO:  M.  A.  McClure,  596-^2,  Car.oga 

FROM:  H.  L.  Conrad,  5 96-H,  Canoga 

SUBJECT:  Accident  Report  Missile  13  (Engine  3/:I  NA112001 )  at  Sycamore 

Canyon  Test  Facility 

At  16:38  hours  on  18  June  1958,  an  explosion  occurred  in  the 
turbine  cf  the  Sustainer  engine  (S/W  NA222007)  installed  in  Missile  IB  as 
part  of  engine  assembly  S^IT  NA112001.  This  explosion  caused  considerable 
damage  to  the  lower  boattail  structure,  Booster  chambers,  Booster  power 
package  assembly,  and  the  Sustainer  engine  assembly,  apparent  cause  of  the 
explosion  was  failure  of  the  Sustainer  gas  generator  blade  valve  LOg  seal  at 
cutoff  on  the  previous  run. 

The  test  in  which  the  explosion  occurred  was  the  twelfth  scheduled 
test  on  this  missile  and  the  fourth  attempt  to  complete  the  first  run  of 
the  Block  II  series  of  tests.  The  run  was  scheduled  to  be  100  seconds 
Booster,  19^  seconds  Sustainer,  and  22C.5  seconds  of  Vernier  engine  opera¬ 
tion.  Countdown  and  start  appeared  normal.  Approximately  0 . 0^  seconds 
after  the  gas  generator  igniters  w cm  signalled  to  fire,  the  explosion 
occurred.  The  ensuing  fire  was  extinguished  in  approximately  twelve  (12) 
seconds  by  using  water  and  COg* 

Examination  of  Records 

Examination  of  all  records  on  this  run  and  the  previous  run  revealed 
the  following: 

1.  Normal  conditions  prior  to  start  and  .hiring  the  previous  run. 

2.  On  the  previous  run,  the  Sustaiu  "  gas  generator  probe  had  been 
burned  off.  Indications  were  that  hr.  Is  had  been  caused  by  a 
cutoff  temperature  spike.  (The  chart  vas  pegged  at  l800°F). 
Momentary  temperature  spikes  had  occurred  at  cutoff  on  all  previous 
runs.  No  pressure  surge  could  be  detected  because  the  LOo 
injection  manifold  pressure  and  gas  generator  chamber  pressure 
charts  were  inoperative.  The  gas  generator  system  was  examined 
externally  for  signs  of  high  temperature  prior  to  Run  12  and  the 
results  were  negative. 
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ExgjJmaMon  of  Recci  7s  (Continued} 

3.  About  1  stern's  after  ,,';V7"  cn  ‘  'c  ir  ions  rj”.  { arp rc x irately  five 
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f;.  The  Sastainer  ij’.s  Ce aeiatrr  discharge  temperature  chart  vas  jested  dovn 
scale  rricr  t'  start  rf  this  run 
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Examination  of  the  Sustainor  gas  i  ,  ”  after  the  exp  1  os icr.  revealed  a 
detonation  or  severe-  piesssure  sur.pe  vau  ■  ccurred  in  the  LOX  injector  ’"anifold. 
Further,  the  L0-_  seal  .ns  f.  u:v3  tr  ^e  shattered  and  the  outline  of  the  valve 
blade  vas  impressed  cn  fie  lack-up  plate  fer  t:,e  seal. 
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The  pr-bnble  on  se  and  events  1  cadi  rip  up  to  the  explosion  is  believed  to 
be  as  fol’ evs : 

1. .  The  Sustnirer  pas  cenern+er  LC-  bind,  velve  seal  vas  shattered  presumably 
at  cutoff  °n  the  previous  run  by  a  sharp  pressure  surpe  cr  detonation  in 
the  LCo  injector  manifold  of  f-e  rns  -  .'to  rat  or  as  indicated  by  the  folloving: 

0)  The  pos  generator  inject'  r  "as  •  2''  dov  ivtHI  and  the  manifold  vas 

bo"(->d  up’>ar 1 . 

h'  T  ■'  „•  p-ne-vt'ir  via ie  valve  -ns  i :  fv  cl  >so  i  position. 

c)  7e  .1  'r.t’n’e  spike  r  id  r*ssl:‘e  .  reevin'  '  t’o  at  cutoff  cn  the  tr:viv  .3 

r  n  rose  ;re  i  nTTr*  r  ‘ion  ric'r'eu  f  vci  ’  fy  pressure  siren'. 

’.)  LCo  Ic./mpe  !~  •  1  •  *  :  .»  ••*,  j  rovi  m  r.n  in  3  1  rier  t-  stc  t 
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Action  Taken 

The  following  action  has  been  taken  to  minimize  the  possibility  of 
this  type  of  accident  happening  in  the  future: 


1.  A  Field  Service  Bulletin  has  been  written  to  re-emphasize  ROCKETDYNE's 
recommended  purge  pressures  and  sequencing. 


2.  Recommend  that  cutoff  temperature  spikes  on  future  tests  be  carefully 
evaluated  to  insure  that  no  contamination  of  the  gas  generator  LOg 
injector  manifold  has  occurred. 


3.  Gas  generator  flowmeter  and  discharge  temperature  records  be  checked 
before  and  after  each  run  for  signs  of  LOg  leakage. 

4.  The  gas  generator  exhaust  systems  should  be  checked  alter  LOg  tanking  for 
signs  of  LO2  vapors. 


A  complete  and  detailed  accident  report  is  being  prepared  as  a  Joint 
effort  of  Convair,  Air  Force,,  Ramo-Wooldridge  and  ROCKETDYNE  representatives 
at  Sycamore  Canyon  test  site. 


S/ _ _ 

H.  L.  Conrad, 

Flight  Support  Unit 
ATLAS  Engines 

APPROVED: 

S/ _ 

H.  Diem,  Supervisor 
Flight  Support  Unit 
ATLAS  Engines 
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ROCKETDYNE 

A  DIVISION  OF  NORTH  AMERICAN  AVIATION,  INC. 

1.  Report  No.  2.  Date  of  Analysis  3  Test  No. 
177666  23  July  195B 


ANALYSIS  REPORT 


4A.  Facility  Location 
Rocketdyne  AS 


5.  Failed  Item  P/N 

95 12-44185-51 


6.  Failed  Item  S/N 

P-086 


7.  Failed  Item  Name  8.  F/l  T>pe  or 
Sus  G.G.  Assy  Model 


9.  HISTORY  OF  TROUBLE  (NOTED  FROM  ITEM  26.1  ON  F.C.D.R):  On  18  June  1958,  captive 
firing  test  No.  11  (TE-11)  was  performed  at  the  Sycamore  Canyon  installation.  After 
2.3^  seconds  of  mainstage  start,  the  Gas  Generator  squibbs  fired,  followed  by  an  ex¬ 
plosion  in  the  Turbine  and  Turbine  Exhaust  system.  This  explosion  resulted  in  almost 
complete  destruction  of  the  sustainer  engine.  Extensive  damage  was  also  inflicted  on 
the  booster  engine.  In  reviewing  the  test  records  on  the  sustainer  engine,  it  was 
disclosed  that  a  steady  oxidizer  flow  was  evident  in  the  Gas  Generator  for  80  seconds 
prior  to  firing  the  Vernier  squibbs.  Flow  rates  recorded  were  .3  lbs/sec  under  tank 
head  pressure  and  .51  lbs /sec  at  pressurization.  Thermo-couple  readings  at  the  hot 
gas  duct  had  dropped  30°  below  ambient  temperature. 

10.  ANALYSIS  PROCEDURE  AND  RESULTS:  Disassembly  of  the  Gas  Generator  disclosed  the 
G.G.  blade  valve  to  be  in  the  correct  closed  position  and  the  following  damaged 
detail  parts  were  noted: 

1.  Shattered  Oxidizer  port  seal. 

2.  Radially  cracked  pressure  pad. 

3.  Oxidizer  inlet  cover  place  with  gate  impression  at  the  edge  of  the  pad  cavity] 
i.  Dull  (not  abrasive)  surface  bearing  the  outline  of  the  port  seal  bore  on  the  ' 

Lox  blade. 

5.  Partially  burned  silicone  "0"  ring. 

6.  Bits  of  grey  ash  and  hard  matter  within  the  oxidizer  cover  cavity. 

7.  I.D.  of  the  fuel  seal  locally  burned  in  one  area. 

Further  examination  revealed  that  the  injector  plate  yielded  coiivexly  on  the 
normally  flat  surfaces.  The  injector  face  had  bulged  .068  inches  at  its  maxi¬ 
mum  point.  The  flange  surface  took  a  permanent  deflection  of  .020  inches. 
Spectro-analysis  proved  the  grey  ash  and  hard  matter  to  be  part  of  the  burned 
silicone  "0"  ring.  The  oxidizer  port  seal  was  inspected  under  a  magnifying 
instrument  and  no  obvious  wear  or  mars  were  evident. 

11.  CONCLUSIONS  AS  TO  CAUSE  OF  FAILURE: 

It  is  an  established  fact  that  the  oxidizer  seal  in  the  G.G.  blade  valve  was 
leaking  prior  to  the  major  explosion  of  the  engine.  Conclusions  that  the  seal 
was  shattered  by  a  detonation  can  only  be  derived  from  what  evidence  is  pre¬ 
sented  in  test  records  and  past  experience  of  similarly  shattered  oxidize: 
port  seals.  Test  run  prior  to  X  day  had  shown  intermittent  G.G.  oxidizer  flow 
and  a  prolonged  temperature  spike  after  G.G.  cutoff.  Records,  therefore, 
imply  that  the  oxidizer  port  seal  had  failed  in  the  previous  firing  after  cutoff 

12.  RECOMMENDATIONS  FOR  PREVENTING  RECURRENCE  AND  ACTION  TAKEN:  R  &  D  experience 

have  had  only  3  instances  where  oxidizer  seals  vere  shattered  or  cracked  as  a 
result  of  detonations  internal  to  the  G.G.  Assy,  or  adjacent  downstream  hard¬ 
ware.  Normal  runs  on  this  type  G.G.  have  shewn  temperature  spikes  after  cut¬ 
off  (not  to  be  common)  except  where  purging  is  inadequate.  Due  to  oxidizer 
seal  leakage  frequently  being  very  low  and  seal  cracking  rare,  no  design  change 
is  contemplated  in  this  area  of  the  valve  assembly.  Malfunction  studies  will 
be  extended  should  thi§  frp.nuencv  increase. — A_naiL-aurp:e  procedure  is  under 
consideration. _ 
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